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24.6 Noise Cancelling in Wideband CMOS LNAs 
F. Bruccoleri, E.A.M. Klumperink, B. Nauta 
MESA+ Research Institute, University of Twente, Enschede, The Netherlands 
A noise-cancellingtechnique in a wideband LNA achieves low noise figure (NF) and source impedance matching without 
global feedback. The 0.25pm LNA provides <2.4dB NF from 0 OI-~GHZ, total voltage gain is 13.7dB, -3dB bandwidth is 
O.Ol-1.6GHz, S,, is <-36dB, and S,, is <-lOdB. llP2 is 12dBm, and llP3 is OdBm drawing 14mA at 2.5V. 
F. Bruccoleri See Digest page 406 
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Introduction: (1) 
Wideband Receiver Multiband Receiver 
E.g.: CATV E.g.: Base Station 
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1 PKey LNA Requirements: 
1 
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I n trod uction : (2) 
>Multi-decade Bandwidth: MHz -> GHz 
PSource Impedance Matching: ZIN=RS 
>Low Noise Figure (NF): <3dB 
h 
Pother: I I >Gain, Linearity, Isolation, .. .etc. 
Existing Wideband Techniques: (1 ) 
Plnput device determines F=SNR,,,/SNR,, 
PF to Z,,=R, Trade-off: 
Laaaaaarge gm, and R, 
g,,=I/R, and R,=R, 
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Existing Wideband Techniques: (2) 
P F to Z,=R, decoupling via feedback - 
F = l + A  
I+Av  
0 Av=Multiple stages 
0 Matching and Gain cou 
0 Loop-gain <I for V Av 
Noise Canceling Technique: Principle (1) 
....._ .. .. 
JSignals @ nodes X and Y: OPPOSITE SIGN 
JNoise @ nodes X and Y : EQUAL SIGN! 
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Noise Cancelinq Technique: Principle (2) 
.. . ..... 
0 Noise Cancels if V,, A+VnY=O 
0 But Siqnals Add !! 
Matching, ... but no output noise 
Noise Canceling Technique: Properties (1) 
2 NEF 8 - 6  AvF+AC, 2 
Instability risks relaxed 
@ F=I--+- >I-- 
AVF ~ ~ z R s  A 2vF A VF 
P Bias noise lBIAS cancels too 
P Robust to device parameter variations. 
0 Canceling independent 
0 For &=Ig,,/gm,-l-R/R,I 
(Monte Carlo: 4xr(NF) 0 2dB @2GHz) 
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Noise Cancelinq Technique: HF Limitations 
R v -7 
R @ 
Noise canceling degrades @ HF 
ANF(f) = O.ldB@ 1GHz and 0.4dB @2GHz (Simulation) 
> Compensation helps e.g. shunt peaking 
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CMOS Circuit Implementation: Schematic 
AC coupling: HPF rB ias  decoudinq 
/ I 
Inverter: Larger gJD Better Isolation 
Lower C,, 
CMOS Circuit Implementation: Simulation 
Cancellation check: 
\ S,:OPEN 
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CMOS Circuit Implementation: Chip 
A 
0.25 mm 
V . T 
0.3 mm 
Measurement Results: (On-Wafer) 
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4 MEASUREMENT ' 
26t \ l / f  Noise 1 
f [MHz] 
Measurement Results: llP2 (PCB) 
,=200MHz and f2=3OOMHz 
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Measurement Results: llP3 (PCB) 
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Measurement Results: Summary 
VALUE 
13.7 dB 
I 2-1600 MHz (CLoAD=CpAD=0.2pF) <-36dB in 10-1 800 MHz 
ISllI c-8dB in 10-1 800 MHz 
ISZI c-12dB in 10-1800 MHz 
llP2 finout ref.) I 12 dBm (f,=200MHz & f~300MHz) 
llP3 (input ref.) j 0 dBm (fl=900MHz & f2=905MHz) I . > .  \ I  
ICPI (input ref.) 1 -9 dBm (fl=900 MHz) 
NF50, 152dB 10.25-1.1 GHz] & <2.4dB [0.15-2 GHz] 
IDD@VDD 14mA@2 5Volt 
Area and Technology 1 0 3x0 25mm2 in a 0.25pm CMOS 
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Conclusions: 
New Wideband Low-Noise Technique' 
P Matching-device noise cancels: NF & match decoupled! 
P Wideband sub 3dB NF 
> Good stability (feed-forward) 
P Variable gain @? constant match 
Demo: 0.25um CMOS LNA 
P 14dB gain over 2 decades (2-16OOMHz) 
> NFc 2.4dB over > 1 decade (150-2000 MHz)  
Generalization: 
P Other implementations, devices and WB building-blocks. 
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